Arterial smooth muscles behave like a syncytium, since they are electrically coupled. It is generally assumed that electrical coupling and dye coupling are mediated by gap junctions. No gap junctions could be detected by transmission electron microscopy in media of coronary arteries. We looked for the presence of gap junction protein in vascular smooth muscle by immunohistochemistry with light microscopy. Immunohistologically detectable connexin is expressed by smooth muscle cells of the media of pig coronary arteries, where staining occurs as a discrete punctation. We investigated the dye coupling in strips of pig coronary artery. The fluorescent dye lucifer yellow was microiontophoretically injected into a smooth muscle cell through an intracellular microelectrode. The dye was visualized on the entire strip, then on semithin sections with a fluorescence microscope, and at the ultrastructural level by using an anti-lucifer yellow antibody revealed by the protein A-gold technique. In all the tissues examined, the cells were dye-coupled. We conclude that in arterial media the smooth muscle cells are dye-coupled, despite the absence of detectable gap junctions by transmission electron microscopy, and suggest that dye coupling could occur via isolated gap junction channels. (Circulation Research 1992;70:49-55) 
. By electron microscopy, gap junctions are recognized because there is apparent fusion of plasma membranes, which results in a pentalaminal membrane complex in a low-power electron micrograph and in a seven-layered complex in a high-power electron micrograph, since the outer leaflets of plasma membrane are separated by a gap of 2-3 nm.5 These junctions mediate the passage of ions and small hydrophilic molecules between the cells.6,7 Such pathways allow electrical coupling8 as well as chemical signaling in intercellular communication.9-11 However, not all the visceral smooth muscles have morphologically detectable gap junctions.12 In particular, the smooth muscle cells of arteries are electrically coupled,13 but gap junctions are rare or absent, as detected by transmission electron microscopy in media of some arteries (e.g., dog coronary arteries). '4"15 To solve this paradox, first, we searched for the presence of gap junctions in the media of the anterior descending branch of pig coronary artery by transmission electron microscopy and immunohistochemical detection using an antibody against a synthetic peptide from connexin43. ' half cell in contact with the tissue bath with an LiCI-agar-agar bridge. The membrane potential was monitored on an oscilloscope (model 1242, Gould, Cleveland, Ohio) and recorded on a potentiometric recorder (W&W Electronics, Switzerland). The microiontophoretic injection of the fluorescent dye was done by passing a direct current of 0.35 nA through the electrode for 2-5 minutes. 17 The criteria for accepting a record were a stable membrane potential below -40 mV before and after the lucifer yellow injection and a sharp rise to 0 mV when the electrode was withdrawn from the injected cell. This ensured that the injection was within the impaled cell.
Cytological Detection of the Dye
To evaluate the extent of dye coupling, after the dye injection, the tissue was fixed with 4% paraformaldehyde. The luminal face of the strip was examined with a fluorescence microscope (Nikon diaphot) (excitation wavelength, 450-490 nm) and photographed. The tissue was then embedded in polyethylene glycol (MW, 1,000) following the methods described by Smithson et al. 19 The embedded tissue was cut with a tissue chopper in 50-,um slices. The polyethylene glycol was removed from the slices by immersion in phosphate-buffered saline (PBS), and the slices were examined with the fluorescence microscope. The positive slice(s) was then embedded in Epon without osmification for 1-,m serial semithin sectioning. After having reached the first semithin sections containing fluorescent material, thin sections were cut (-60 nm). Lucifer yellow-immunoreactive sites were localized on these thin sections mounted on parlodion carbon-coated nickel grids by the protein A-gold-citrate technique.20,21 Colloidal gold particles (particle size, 15 nm) were prepared according to Frens.20 Thin sections were placed first for 5 minutes on a droplet of 0.5% ovalbumin in PBS; then they were transferred to an anti-lucifer yellow antiserum (diluted 1: 400) (gift of H. Reichert) for 2 hours at room temperature. The sections were washed twice with doubly distilled water for 5 minutes and incubated for 1 hour at room temperature with the protein A-gold solution (diluted 1:100). After rinses with doubly distilled water, the sections were counterstained with uranyl acetate and lead citrate. The thin sections were examined with a Zeiss EM 10 electronic microscope.
Electron Microscopy
To search for gap junctions by ultrastructural examination, freshly dissected tissue was fixed with a 2.5% glutaraldehyde solution in PBS. Subsequently, the tissue was postfixed in 2% osmium tetroxide, embedded in Epon, and processed for conventional electron microscopy according to standard procedures. The thin sections were stained with uranyl acetate and lead citrate and were examined with a Zeiss EM 10 electron microscope.
Immunohistological Detection of Gap Junctions
To search for connexin43, indirect immunofluorescence was performed on 10-,um frozen sections of coronary arteries according to the protocol described by Harfst et al'6 and Gourdie et al. 22 Antibodies were centrifuged (7,000 rpm for 5 minutes) before use to prevent the presence of precipitate on the preparation. The primary antibodies used are described in References 16 and 22. They were raised in the rabbit against the HJ and HH synthetic peptides and were kindly supplied by Dr. Green (Department of Anatomy and Developmental Biology, University College, London) and diluted 1:10 in PBS. Secondary antibody (GAR-FITC, Nordic, The Netherlands) was used (diluted 1:50). Preimmune serum (diluted 1:10) was used as primary antibody for the control experiment.
Results

Ultrastructural Research of Gap Junctions
The ultrastructural examination of the arterial media by transmission electron microscopy to search for cell to cell junctions showed close appositions of smooth muscle cell membranes without specialized intercellular junctions (Figure 1 ) and less tight appositions with surface vesicles, or caveolae, in the abutting plasma membranes (Figure 2 ). These caveolae are invaginations of the cell membrane of smooth muscle cells, endothelial cells, or fibroblasts.23 Gap junctions, as defined in the introductory section, were not observed between any of the smooth muscle cells. By contrast, typical gap junctions between endothelial cells were frequently encountered (Figure 3) . The failure to see gap junctions by transmission electron microscopy led us to search for gap junctions using immunocytochemical techniques. Figure   4A ). Such evident labeling was never observed on the coronary arterial media. However, on 25% of the preparations, a staining was noticed as a discrete punctation on some regions of the media ( Figure 4B ). This labeling was not present when we used the preimmune serum, and we can thus assume that this weak staining was due to very small gap junctions. Figure 5A ). In each case, the orientation and shape of the fluorescent cells allow precise distinction between endothelial and smooth muscle cells at this stage. This constitutes a rapid method for identifying the recorded tissue.
The examination of the semithin sections did not give much information, because no counterstaining was satisfactory for recognizing the limits of the cells: it was impossible at this stage to know whether the dye was confined to the injected cell or had diffused outside. The only information available was the localization of the injected cells in the depth of the arterial wall ( Figure 6 ).
Consequently we performed cytological observations. In all four cases examined, the dye was localized to the interior of the cells and not outside, and the cells were dye-coupled. The fact that no dye was found in the extracellular space implies that the cells were coupled, since the electrophysiological method used guarantees that the dye was injected in one cell. We could observe dilution of the gold particles when passing from one cell to the other, but in each cell the particles were homogeneously distributed ( Figure 7 ).
Discussion
Using electron microscopy, our morphological observations of regions of close membrane apposition without identifiable gap junctions between pig coronary arterial smooth muscle cells were similar to previous observations in canine coronary arteries. ' 
